Context: Adrenal and extra-adrenal phaeochromocytoma are chromaffin cell-derived tumours that are discovered due to classical symptom triad with headache, sweating and palpitations combined with persistent or paroxysmal hypertension. However, an increasing proportion of phaeochromocytoma seems to be discovered incidentally upon abdominal imaging. Objective: To specify the exact circumstances of discovery of adrenal and extra-adrenal phaeochromocytoma. Design and patients: Four German endocrine centres participated in this retrospective study. Medical records of 201 patients with adrenal and extra-adrenal phaeochromocytoma who were diagnosed between 1973 and 2007 were analyzed. Results: The typical triad of symptoms was found only in 10% of cases. Ten percent of patients presented were without clinical symptoms and 6.1% were normotensive. Documented blood pressure peaks occurred in 44.1% of cases. In 24 patients (12.2%), phaeochromocytoma was malignant. Before 1985, !10% of cases were incidentally discovered, whereas thereafter the frequency was O25% (29.4% of the total study population). Patients with incidentally detected phaeochromocytoma were significantly older (53.1G1.9 vs 47.0G1.3 years; P!0.05) and often had less blood pressure peaks (37.0 vs 70.7%; P!0.001) than patients in whom the diagnosis was suspected on clinical grounds. Of phaeochromocytomas 94.4% were intra-adrenal tumours, of which 12.9% were bilateral. Bilateral tumours were significantly smaller than unilateral tumours (36.6G14.7 vs 52.5G34.3 mm; P!0.05), whereas extra-adrenal tumours had a mean diameter of 52.6G28.7 mm. Conclusions: Owing to better availability and accessibility of imaging procedures, the number of incidentally discovered phaeochromocytoma is increasing and reaches nearly 30% in our study population. Every adrenal incidentaloma should be investigated for the presence of phaeochromocytoma.
Introduction
The nomenclature of chromaffin cell tumours is not generally accepted. According to the WHO 2004 classification (1) , there are two types of neoplasm's derived from chromaffine tissue: phaeochromocytomas (tumours of adrenal medulla); and paragangliomas (tumours located extra-adrenally). However, in several publications these tumours are divided into cataecholamine-producing tumours that are derived from the sympathetic neuroendocrine system (adrenal and extraadrenal phaeochromocytomas) and in tumours derived from the parasympathetic system. The latter tumours are classified as paragangliomas and are usually not cataecholamine-secreting. In this manuscript, we are following the latter nomenclature using the terms adrenal and extra-adrenal phaeochromocytomas.
Phaeochromocytomas are rare with an incidence of 1-6 per million and a prevalence of 0.1-0.6% in patients with hypertension. However, an Australian autopsy series revealed a prevalence of 0.05% in this unselected population (2) suggesting that many tumours are overseen in clinical practice. Phaeochromocytoma may occur sporadically or as part of a hereditary syndrome. They synthesise the cataecholamines noradrenaline, adrenaline and more rarely dopamine (3), either isolated or in combination. Phaeochromocytoma can be fatal and it is important to diagnose the disease while it is still curable by surgery. Because the tumours are most often benign, surgical resection usually provides an effective treatment and cure.
Owing to the unpredictable, often acute nature of cataecholamine secretion, the tumours can be present with a host of symptoms and variable, often confusing, clinical manifestations (4) . Headache, palpitations and sweating are described as the most common symptoms (5); however, several studies showed a significant delay of the diagnosis phaeochromocytoma in many patients (6, 7) . The rarity and variability render these tumours very difficult to diagnose. The laboratory diagnosis of these tumours is based on the identification of excessive secretion of cataecholamines and/or of their derivates (8, 9) . Since 1998, assays of plasma fractionated metanephrines have been developed and used progressively thereafter (10, 11) .
A recent report of 41 patients suggested that nowadays many phaeochromocytomas are diagnosed incidentally during radiological examinations of the abdomen or at autopsy (12) . Thus, the purpose of this retrospective study was to determine the frequency of incidental discovery of adrenal and extra-adrenal phaeochromocytoma in 201 consecutive cases at four German endocrine centres between 1973 and 2007.
Methods

Subjects
We have retrospectively analyzed the files of all patients who were diagnosed with adrenal or extra-adrenal phaeochromocytoma at four German endocrine centres between 1973 and 2007. A total of 101 patients were diagnosed before the year 2000 with a subset of 29 patients before the year 1990. The study was approved by the ethical committee of the Charité Campus Mitte Berlin (permit no. EA1/136/08). The only inclusion criterion was a past or new diagnosis of adrenal or extra-adrenal phaeochromocytoma. Patients with parasympathic paragangliomas were excluded. The cases were identified from the files of the participating departments by trained medical students using a structured evaluation form. For the purpose of this study, medical records on the first consultation were analyzed to determine how the diagnosis was established. Detailed personal and family history, the referred signs and symptoms, physical examination, systolic and diastolic blood pressure and heart rate, biochemical analysis and imaging were also reviewed at the time the tumour was initially detected. In addition, surgical procedures, perioperative complications and pathology reports were evaluated. In 109 patients, clinical data during the follow-up could be retrieved (median followup 10.7 months; range 0.5-432 months). Systolic and diastolic blood pressures of R140 and R90 mmHg respectively, were considered to be increased. Hypertension was defined as increased systolic or diastolic blood pressure or use of antihypertensive medication. A hypertensive peak was defined as a sudden elevation in systolic blood pressure by O50% of the preceding measurement. Genetic counselling differed between centres. Whereas in the Munich centre, all subjects received routine genetic screening for mutations for MEN2, von Hippel-Lindau syndrome (VHL) etc., centres in Berlin, Erfurt and Greifswald performed genetic testing only in individual cases. Data were collected using an Excel electronic spreadsheet.
Statistical analysis
The mean and S.D. were calculated for each numeric variable. Significance of differences was determined by unpaired t-test, Mann-Whitney-Wilcoxon test or Fisher's exact test where appropriate. Significance was accepted if P!0.05. Analyses were performed by using the statistical software package SPSS, version 13.0 (SPSS Inc., Chicago, IL, USA).
Results
Study population
The patients were aged between 12 and 85 years. About 50.7% of the patients were females. There was no significant difference between the sexes with regard to age, body mass index or blood pressure at the time of diagnosis. The mean time interval from the first onset of symptoms until final diagnosis of phaeochromocytoma was 3.9G5.2 years, with a median of 1.7 years (range: 0.6-24.3 years). Table 1 reports clinical symptoms and signs of patients at the time of diagnosis. About 32.4% of the patients did not display any signs of the triad, whereas 10.1% of them had no symptoms at all. Of the patients, 93.9% had documented hypertension, whereas in 6.1% hypertension was not detectable. Of the hypertensive patients, 8.2% presented only with blood pressure peaks and had no evidence for permanent hypertension. Of the patients, 35.9% had persistent hypertension with blood pressure peaks and 55.9% without blood pressure peaks. Before establishment of the diagnosis, 70.6% of the hypertensive patients were treated with anti-hypertensive drugs, mostly b-blockers (65.2%), ACE-inhibitors (40.0%), calcium channel blockers (33.0%) and a-blockers (20.9%). The average number of anti-hypertensive medication classes was 1.4G1.2.
The results of preoperative hormonal assays are given in Table 2 . Owing to the diversity of hormonal assays used over the last 35 years and due to differences in normal range levels, we analyzed our cohort only with regards to normal or pathologically elevated results in the hormonal assays. All patients had at least one abnormal hormonal parameter.
Incidental finding
The different means of detecting phaeochromocytoma are summarised in Table 3 . High blood pressure, blood pressure peaks and other typical symptoms led to the discovery of phaeochromocytoma in 70.6% of the cases, whereas 29.4% were found incidentally. Among patients who were identified with phaeochromocytoma incidentally by abdominal imaging, 87.5% were hypertensive. Table 4 shows the comparison of patient's characteristics and tumour data according to the circumstances of detection of the phaeochromocytoma. Interestingly, patients with incidentally detected tumours were significantly older, and presented less often hypertension and blood pressure peaks than patients with clinically suspected phaeochromocytoma. Figure 1 shows the rate of incidental finding in three subperiods (each one about 11 years) demonstrating that the frequency of incidentally detected tumours was much lower at the time before modern imaging techniques (ultrasound, computerised tomography (CT), magnetic resonance imaging (MRI)) were widely available.
Imaging
In 85% of the patients, CT scan was performed. Of the patients, 32.6% received a preoperative MRI. Total body scan by metaiodobenzylguanidine was done in 74.3% of the patients, and an octreoscan in 3.2%. Of the patients, 23% received one imaging examination, 62% of the patients received two imaging techniques, and 15% of patients received three different imaging examinations.
A total of 186 tumours were intra-adrenal, out of which 87.1% were unilateral and 12.9% were bilateral. Of the unilateral tumours (largest diameter: meanGS.D.; 52.5G34.3 mm), 51.9% were located in the right adrenal and 48.1% in the left adrenal gland. Right-sided intraadrenal tumours were 52.7G27.5 mm in size, and leftsided intra-adrenal tumours were 52.5G40.6 mm in size. Bilateral tumours (36.6G14.7 mm) were significantly smaller (P!0.05) than unilateral tumours, whereas the extra-adrenal tumours had a mean diameter of 52.6 G28.7 mm. Extra-adrenal localisations were paraaortal and retrocaval in the aortic bifurcation, retroperitoneal, in the left kidney, the bladder or in the vagina.
Surgery
Data from 174 patients could be analyzed regarding the surgical approach: 96 patients (55.2%) were operated by laparotomy, whereas 78 patients (44.8%) underwent www.eje-online.org a laparoscopic approach. In seven patients, the laparoscopic operation was converted into laparotomy (9%). There was no documented mortality. Intraoperative blood pressure peaks were documented in nine cases (5.2%), hypotensive phases in five cases (2.9%) and one cardiovascular crisis occurred (0.6%).
Blood pressure changes after surgery
The effects of tumour removal on blood pressure could be evaluated in 109 patients. Mean systolic as well as the diastolic blood pressure decreased significantly (from 155G32 to 132G19 mmHg; and from 94G17 to 80G14 mmHg respectively; both P!0.001). The mean arterial blood pressure decreased significantly (P!0.001) from 114G21 mmHg, before surgery to 97G14 mmHg at the first follow-up visit after surgery. Before operation, 94.5% of the 109 patients were hypertensive. After operation, hypertension persisted in 42% of these patients. The number of antihypertensive medication classes was significantly reduced after operation (meanGS.E.M.; 1.4G0.1 vs 0.9G0.1; P!0.005).
Malignancy
A total of 24 phaeochromocytomas (12.2%) were classified as malignant at diagnosis (18 adrenal unilateral tumours and six extra-adrenal tumours). A total of 22 out of the 24 malignant tumours were diagnosed by evidence of metastases in lymph nodes (nZ9), liver (nZ7), lung (nZ3) and bone (nZ3). The other two tumours were classified malignant due to the histological finding, such as capsule invasion and blood vessel infiltration. Unfortunately, no follow-up data were available for these two patients. Extra-adrenal tumours (nZ11) were significantly (P!0.001) more often malignant (54.6%) than intra-adrenal tumours (9.7%).
Genetic testing
In 10 patients of our study population, a hereditary syndrome was diagnosed (two patients with VHL; seven patients with MEN2; one patient with neurofibromatosis type 1 (NF1)). In addition, only 73 out of 201 patients with adrenal and extra-adrenal phaeochromocytoma (36.3%) received genetic testing (in total 253 genetic examinations). In this group, 20 (27.4%) patients showed genetic mutations (four patients with VHL, 10 patients with MEN2A, five patients with NF1, one patient with succinate dehydrogenase complex subunit D (SDHD)). Only 9 out of the 24 malignant phaeochromocytomas were genetically tested; all of them were negative for SDHB, SDHC and SDHD mutations.
Discussion
The present retrospective study confirms the wide variation of the clinical spectrum in patients with phaeochromocytoma and that classical symptoms are far more infrequent; the complete classical triad occurred in about 10% of patients compared with 15-24% in other series (12) (13) (14) . In our study, approximately half of the patients had permanent hypertension, and 44.1% of patients suffered from blood pressure peaks compared with 67.1% in an Italian study (13) . Interestingly, 6.1% of our phaeochromocytoma patients were normotensive, emphasising that the absence of hypertension does not rule out the presence of a cataecholamine-producing tumour that might result in life-threatening situations (15) . One explanation may be that tumour-dependent hormone production may remain silent for a long period of time, because active cataecholamines can be converted into biologically inactive metanephrines by cataechol-Omethyltransferase within the tumour (8, 16, 17) . Owing to the rare occurrence, the often unspecific signs and symptoms, and the low sensitivity of any symptoms and the diagnosis of phaeochromocytoma may be delayed. This difficulty explains the long time lag (mean: 3.9G5.9 years) between initial symptoms and diagnosis in our patient's cohort. In addition, this is reflected also by the high rate (nearly 30%) of incidental finding in our study. In two recent studies, 19 out of 33 patients (57.6%) (18) and 19 out of 46 patients (41%) (19) with adrenal phaeochromocytoma had tumours discovered incidentally on imaging, however, these were rather small cohorts. Another small study with 41 phaeochromocytoma reported a finding in 51% of cases due to blood pressure abnormalities, in 29% imaging due to pain examinations and in 20% of cases due to various pathologies (12) . However, they were included in the latter group patients with known MEN2A and neurofibromatosis, resulting in a questionable definition of incidental finding. Other studies reported the lower percentages (10-15%) of incidental findings (13, 20, 21) . Our series demonstrates that before the widespread distribution of ultrasound screening in general practice and before the introduction of CT scans into clinical routine, the rate of incidentally discovered phaeochromocytomas was !10%. We assume that the rate of incidentally discovered phaeochromocytomas considerably increased due to, first, the increased availability and more frequent use of MRI, CT or abdominal ultrasound and secondly, the better overall health education and awareness of the population and improved accessibility of general practitioners, internists and endocrinologists. With widespread application of abdominal imaging, an increasing number of adrenal masses are being found incidentally (up to 3.4% of all abdominal CT scans) (22) , and autopsy studies have shown a prevalence of 8% (23) . Several clinical studies revealed that w5-7% of all incidentaloma of the adrenal gland are phaeochromocytoma (24) (25) (26) (27) . Therefore, it is necessary to thoroughly evaluate all patients with an isolated adrenal mass.
Incidentally discovered phaeochromocytomas are diagnosed in many patients before any symptoms develop. The prevalence of an asymptomatic phaeochromocytoma is estimated to be 11-21% (4, 13, 21) , and retrospective studies have failed to define difference in demographic, radiographic and pathological characteristics in sporadic tumours (22, 28) . In accordance with another study (21) , patients with incidentally discovered phaeochromocytoma in our study population were significantly older than the patients with findings indicative of cataecholamine excess. We found a trend towards larger phaeochromocytomas in patients with incidental finding. By contrast, the study by Amar et al. (21) did not find a difference in tumour size between incidentally and suspected finding, but showed that patients with incidentaloma had lower plasma cataecholamine concentrations than patients with adrenergic symptoms.
In our study, there was no difference between the occurrence in the right and left adrenal; however, other phaeochromocytoma series reported a significantly more frequent occurrence in the right adrenal (13, 21) , but could not provide a sound explanation for their finding. Furthermore, in our series only 7.5% of the phaeochromocytoma had an extra-adrenal localisation. In a Swedish study, 22% of the detected phaeochromocytoma were located outside the adrenals; however, the series also included diagnosis achieved by autopsy (20) . Other studies (13) showed extra-adrenal location in 8.5% of phaeochromocytoma supporting our data. The percentage of malignant phaeochromocytoma was in the same range as reported by most other series (4, 9, 21) .
In our study, far less intraoperative complications occurred (8.7%) than previously reported (4). Other studies reported up to 15% intra-or perioperative complications (12, 29) . In our series, 9% of laparoscopic operations had to be converted into an open approach, which might be due to the introduction of laparoscopic adrenalectomy during our study period. Nowadays, laparoscopic adrenalectomy is regarded as safe and to be the operation of choice with very few complications (30, 31) .
Our retrospective study has the limitations that the diagnostic (especially hormonal assays) and follow-up approach was different among the centres and during the studied period, and that a large number of patients was lost in the follow-up. In addition, a lack of appropriate genetic screening in all centres is evident in our study. It must be stressed, however, that genetic screening for this tumour entity has become standard of care not before 2002. All participating centres were endocrine units that might have kept the rate of incidentally detected phaeochromocytoma in a lower range. It is conceivable that in surgical or urological series the incidentally detected rate is even higher. In addition, most of the centres were located in Northern Germany and only one centre in Southern Germany adding a potential bias to our study due to the fact that hypertension is more prevalent in the Northern German population (32).
In conclusion, our study confirms the great variability of the clinical picture of phaeochromocytoma. Most probably due to improvements in availability and accessibility of imaging techniques, the number of incidentally discovered phaeochromocytoma is increasing, further indicating the necessity for sufficient screening for cataecholamine excess in all patients with adrenal incidentaloma.
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